Introduction
============

Non-small-cell lung cancer (NSCLC) is the major cause of cancer death worldwide. Conventional chemotherapy offers only a modest benefit for patients with advanced NSCLC, slightly prolonging survival, but at the cost of clinically significant adverse events (AEs). Novel target-based agents, which act on specific signaling pathways involved in cell proliferation and survival, have emerged as effective agents in treating NSCLC.[@b1-pgpm-4-001]

The epidermal growth factor receptor (EGFR) (HER1, ErbB-1) is a tyrosine kinase receptor belonging to the ErbB family of receptors. The EGFR possesses an extracellular ligand-binding domain, a single hydrophobic transmembrane domain that is involved in interaction among the ErbB receptors, and an intracellular domain in which the tyrosine kinase (TK) activity resides. Ligands that belong to the EGF family of growth factors are able to activate the EGFR by inducing the formation of homo- or heterodimers with other ErbB receptors, with subsequent phosphorylation of the intrinsic TK domain.[@b2-pgpm-4-001],[@b3-pgpm-4-001] In turn, ErbB receptors activate several intracellular signaling pathways, including the RAS/RAF/MAPK pathway, which plays an important role in regulating cell proliferation, migration, and differentiation, and the PI3K/AKT pathway, which is involved in cell survival.

The EGFR is overexpressed in a variety of common solid tumors, including NSCLC.[@b3-pgpm-4-001] The observation that the EGFR is expressed in the majority of human NSCLC led to the hypothesis that activation of this receptor might play an important role in NSCLC growth and therefore might represent a suitable therapeutic target. In this regard, several anti-EGFR agents are in an advanced phase of clinical development. Two classes of EGFR inhibitors have been approved: anti-EGFR monoclonal antibodies and small-molecule inhibitors of the EGFR tyrosine kinase activity (EGFR TKIs).[@b4-pgpm-4-001] Monoclonal antibodies directed against the EGFR target the extracellular domain of the receptor to prevent ligand binding and subsequent receptor activation. EGFR TKIs compete for adenosine triphosphate (ATP) binding in the TK domain of the receptor, thus blocking EGFR autophosphorylation and downstream signaling pathways. The EGFR TKIs gefitinib and erlotinib have been approved for the treatment of NSCLC.[@b3-pgpm-4-001] In particular, erlotinib was approved as second- and third-line treatment of patients with advanced NSCLC on the basis of the results of the Phase III trial BR.21 in which a survival advantage in unselected patients treated with the drug, compared with patients treated with placebo, was demonstrated.[@b5-pgpm-4-001] Gefitinib, in the ISEL (Iressa Survival Evaluation in Lung Cancer) trial, failed to show an improvement of survival in an unselected population but showed a benefit in never-smokers and Asian patients.[@b6-pgpm-4-001] These results, as well as findings from Phase II studies of gefitinib in NSCLC, led to the hypothesis that only patients with well-defined clinicopathological and molecular features might benefit from EGFR TKIs.

In 2004, three landmark papers identified in NSCLC patients mutations in the TK domain of the EGFR that predicted response to erlotinib and gefitinib.[@b7-pgpm-4-001]--[@b9-pgpm-4-001] These novel EGFR mutations rendered tumors dramatically more sensitive to the effects of EGFR TKIs compared with tumors carrying the wild-type receptor. As we will detail in the next paragraphs, the results of clinical trials have clearly demonstrated that treatment with EGFR TKIs produces an extremely high response rate and a significant improvement of survival in NSCLC patients with EGFR mutations. These data induced the European Medicines Agency (EMEA) to approve the use of gefitinib in all lines of therapy for patients carrying a mutant EGFR. As a matter of fact, this decision has established a new paradigm for the treatment of NSCLC patients and represents the first step toward personalized therapy for lung cancer patients.

EGFR mutations in NSCLC
=======================

EGFR mutations were discovered following sequencing of the EGFR gene in NSCLC patients who responded to treatment with gefitinib or erlotinib in early clinical trials. Mutations were found in the first four exons (18 through 21) of the TK domain of the EGFR ([Figure 1](#f1-pgpm-4-001){ref-type="fig"}). A number of different mutations have been described.[@b10-pgpm-4-001] However, only nine mutations have been reported with a frequency higher than 1%, and approximately 160 mutations have been described only once.[@b10-pgpm-4-001] The most frequent EGFR mutations are a group of small in-frame deletions in exon 19 and a single-point mutation in exon 21. The exon 19 deletions include amino acid residues around codons 746 to 750 (ΔELREA) and account for 45%--50% of all EGFR TK mutations.[@b11-pgpm-4-001]--[@b14-pgpm-4-001] In exon 21, a single-point mutation that substitutes an arginine for a leucine at codon 858 (L858R) represents 40%--45% of all EGFR TK-activating mutations. Other less frequent EGFR-activating mutations include a glycine-719 change to serine, alanine, or cysteine (G719X) in exon 18 and in-frame duplications, insertions, or point mutations in exon 20 ([Figure 1](#f1-pgpm-4-001){ref-type="fig"}).

Kinase domain mutations of the EGFR are referred to as "activating mutations" because they lead to more persistent activation of the TK in response to exogenous growth factors compared with the wild-type receptor.[@b7-pgpm-4-001] Activating EGFR mutations involve the ATP-binding pocket in the receptor TK domain, which is the binding site for erlotinib and gefitinib. In this regard, it has been demonstrated that activating EGFR mutations also lead to increased affinity of gefitinib and erlotinib for the mutant receptor compared with the wild-type receptor.[@b9-pgpm-4-001] As a consequence, mutant EGFR is sensitive to lower concentrations of gefitinib compared with wild-type receptor. Similar data were obtained for erlotinib.[@b9-pgpm-4-001]

NSCLC carrying a mutant EGFR is highly dependent on the EGFR pathway for its growth, ie, an "oncogenic addiction" to the EGFR pathway occurs.[@b12-pgpm-4-001] In contrast, current evidence suggests that lung tumors that carry a wild-type EGFR are not highly sensitive to inhibition of this pathway. The relationship between EGFR mutations and clinical responses to EGFR TKIs has been extensively characterized in NSCLC. Overall, activating EGFR mutations are strongly associated with increased response to EGFR TKIs.[@b12-pgpm-4-001] However, it must be emphasized that the majority of available clinical data are related to the most frequent mutations, ie, the exon 19 deletions and the L858R-point mutation. Exon 18 G719X mutations are also likely associated with a response to EGFR TKIs. However, data on survival following treatment with EGFR TKIs in patients carrying these mutations are not available. In contrast, a group of mutations in exon 20 has been associated with resistance to these agents.[@b12-pgpm-4-001] These mutations are often associated with sensitizing mutations in exons 18, 19, or 21. The most characterized resistance mutation is the T790M-point mutation in exon 20, which increases the affinity of the EGFR for ATP, thus reducing the binding of EGFR TKIs to the ATP pocket.[@b15-pgpm-4-001]

An interesting feature of EGFR mutations in NSCLC is that they are strongly associated with particular clinical and pathological features. In fact, EGFR mutations are far more frequent in female patients compared with male patients (38.7% vs 10%), in the adenocarcinoma subtype compared with other histologic types (29.4% vs 1.8%), in nonsmokers compared with smokers or former smokers (45.8% vs 7.1%), and in East Asian NSCLC patients (33.4%) compared with non-East Asian patients (5.5%).[@b2-pgpm-4-001] These clinical, pathological, and molecular characteristics identify a specific, uncommon subtype of lung cancer. The growth of this type of tumor is strictly dependent on the activation of the EGFR pathway, which might represent the leading pathway in inducing cellular transformation in these selected patients. Indeed, expression of activating EGFR mutations (either exon 19 deletions or the L858R mutation) in the lung tissue of transgenic mice results in the development of lung tumors that histologically resemble human NSCLC carrying the EGFR mutations and that are extremely sensitive to EGFR inhibition.[@b16-pgpm-4-001]

Efficacy of gefitinib
=====================

The activity of gefitinib as a single agent in pretreated advanced NSCLC patients was first evaluated in the randomized Phase II IDEAL 1 (Iressa Dose Evaluation in Advanced Lung Cancer) and IDEAL 2 trials.[@b17-pgpm-4-001],[@b18-pgpm-4-001] An objective response rate of 18% in IDEAL 1% and 10% in IDEAL 2 was observed. Median survival was 7 months, and 1-year overall survival (OS) was 27%--35%, similar to that expected with chemotherapy. These trials led to the US Food and Drug Administration (FDA) approving gefitinib as salvage third-line therapy for NSCLC. Two randomized Phase III clinical trials (INTACT 1 \[Iressa NSCLC Trials Assessing Combination Treatment\] and INTACT 2) examined the efficacy of first-line treatment with a combination of platinum-based chemotherapy and gefitinib.[@b19-pgpm-4-001],[@b20-pgpm-4-001] The combined treatment of chemotherapy plus gefitinib was well tolerated. However, both INTACT studies failed to demonstrate that the addition of gefitinib to chemotherapy produces a survival benefit. A placebo-controlled randomized Phase III trial (ISEL) of gefitinib as second- or third-line treatment in chemotherapy-refractory NSCLC patients failed to show that gefitinib was effective in improving survival.[@b6-pgpm-4-001] Median survival was 5.6 months in the gefitinib group and 5.1 months in the placebo group, and 1-year OS was 27% versus 21%, respectively. In June 2005, on the basis of the lack of survival benefit of the ISEL study, the FDA restricted the use of gefitinib to patients participating in a clinical trial or continuing to benefit from treatment already initiated. Four randomized Phase III trials compared gefitinib and docetaxel as second-line treatment of advanced NSCLC patients. The largest study was INTEREST (Iressa NSCLC Trial Evaluating Response and Survival Against Taxotere), which evaluated the effectiveness of gefitinib versus docetaxel in patients with locally advanced or metastatic NSCLC pretreated with platinum-based chemotherapy.[@b21-pgpm-4-001] The trial enrolled 1466 patients from 149 centers in 24 countries. The results of this study demonstrated the noninferiority of gefitinib in terms of OS: median OS was 7.6 months in the gefitinib group and 8.0 months in the docetaxel group, and 1-year survival was 32% and 34%, respectively.[@b21-pgpm-4-001]

Although the results of the INTEREST study propose that gefitinib might have activity in unselected NSCLC patients, different observations suggest that only patients carrying EGFR mutations are highly sensitive to gefitinib and are likely to significantly benefit from treatment with this drug. In the IDEAL 1 trial, a higher response rate was seen in Japanese patients than in a predominantly European-derived population (27.5% vs 10.4%).[@b17-pgpm-4-001] In several studies in Caucasian patients, partial clinical responses to gefitinib have been observed most frequently in women, in nonsmokers, and in patients with adenocarcinoma.[@b22-pgpm-4-001],[@b23-pgpm-4-001] Subgroup analyses of patients in the ISEL trial identified a unique subpopulation of patients (Asian, female, never-smokers, adenocarcinoma histology) who were most likely to respond to EGFR TKIs.[@b6-pgpm-4-001] All these features are clearly related to a higher frequency of EGFR mutations in subgroups of patients with specific clinical and pathological features, as previously specified. In this regard, a subgroup analysis of the INTEREST trial showed that treatment with gefitinib in patients carrying mutant EGFR produced a significant improvement in progression-free survival (PFS) (hazard ratio \[HR\] 0.16; *P* = 0.001) and response rate (42.1% vs 21.1%) compared with docetaxel.[@b24-pgpm-4-001] In patients with EGFR mutations, an improvement in survival in both gefitinib and docetaxel groups (median survival 14.2 and 16.6 months, respectively) compared with EGFR wild-type patients (6.4 and 6.0 months, respectively) was also observed. The difference for survival between the two treatments in EGFR mutant patients was not statistically significant (HR 0.83, *P* = 0.60). In contrast, in patients with wild-type EGFR, the response rate was higher in the docetaxel arm (9.8% vs 6.6%), whereas no significant difference was found for PFS (HR 1.24; *P* = 0.14) and OS (HR 1.02, *P* = 0.91). In addition, a series of Phase II clinical trials has specifically selected patients with documented EGFR mutations to enrich the population of subjects who are most likely to benefit from first-line treatment with EGFR TKI therapy.[@b25-pgpm-4-001]--[@b29-pgpm-4-001] These studies have uniformly demonstrated impressive response rates in the range of 50%--70% with excellent PFS and OS rates. These trials also exhibit notably improved treatment tolerance compared with conventional platinum-based doublet chemotherapy regimens, despite the inclusion in some studies of elderly patients with poor performance status.

The superiority of gefitinib compared with chemotherapy in patients with EGFR mutations in the first-line setting was confirmed in four randomized Phase III studies that enrolled NSCLC patients on the basis of molecular or clinical characteristics ([Table 1](#t1-pgpm-4-001){ref-type="table"}). The randomized Phase III IPASS (Iressa Pan-Asia Study) compared gefitinib monotherapy with intravenous carboplatin (C) and paclitaxel (P) chemotherapy as first-line treatment in 1217 clinically selected chemotherapy-naïve Asian patients (never or light smokers and with adenocarcinoma histology) with advanced NSCLC.[@b30-pgpm-4-001] In this study, gefitinib produced a significantly superior PFS compared with C/P (HR 0.74), exceeding the primary objective that was the noninferiority of gefitinib versus chemotherapy. However, the most interesting data from this study derived from the analysis of EGFR mutations that were carried in approximately one-third of the enrolled patients (n = 437). In this clinically selected population of patients, the mutation rate was high, with 261 of 437 available samples (60%) harboring an EGFR mutation. In the subgroup of patients with mutant EGFR, PFS was significantly longer (HR 0.48) and the response rate was significantly higher with gefitinib compared with C/P (71.2% vs 47.3%). In contrast, in patients carrying the wild-type receptor, PFS was significantly shorter (HR 2.85) and response rate was significantly lower with gefitinib (1.1% vs 23.5%).[@b30-pgpm-4-001] Recently, OS data have been reported showing no difference between gefitinib and chemotherapy in the whole population (18.8 months with gefitinib vs 17.4 months with chemotherapy, HR 0.90, *P* = 0.11) and in the mutation-positive subgroup (21.6 months with gefitinib vs 21.9 months with chemotherapy, HR 1.00) ([Table 1](#t1-pgpm-4-001){ref-type="table"}).[@b31-pgpm-4-001] However, this result might be due to the crossover of mutant patients from the chemotherapy to the gefitinib arm. In fact, after discontinuation of the assigned treatment, 39.5% of the patients in the C/P group received an EGFR TKI.

In First-SIGNAL (First-line Single Agent Iressa versus Gemcitabine and Cisplatin Trial in Never-smokers with Adenocarcinoma of the Lung), 309 Korean never-smoker patients with untreated lung adenocarcinoma were randomized to receive either Iressa at 250 mg daily or cisplatin/gemcitabine. The study failed to reach its primary endpoint of OS. Molecular analyses showed that the mutation rate in this study was 43.8%. Importantly, in patients carrying an EGFR mutation, the response rate was 84.6% for gefitinib versus 37.5% for chemotherapy (*P* = 0.002), whereas in the mutation-negative subgroup the response rate was 29.9% for gefitinib and 51.9% for chemotherapy (*P* = 0.051). Furthermore, in the EGFR-mutant subgroup, the PFS was longer for patients receiving gefitinib compared with those having chemotherapy (8.5 versus 6.7 months), although such difference was not statistically significant (HR 0.613, *P* = 0.0849). No significant difference in OS was observed between gefitinib and chemotherapy in the EGFR mutant and in the whole population of patients, presumably due to the poststudy use of EGFR TKIs in 80% of the patients in the chemotherapy arm ([Table 1](#t1-pgpm-4-001){ref-type="table"}).[@b32-pgpm-4-001]

The results of two randomized Phase III studies that enrolled Japanese, EGFR-mutant patients with advanced NSCLC have recently been reported. In the WJTOG3405 (West Japan Oncology Group) trial, 172 EGFR-mutant patients were randomly assigned to receive gefitinib (250 mg daily) or chemotherapy (cisplatin plus docetaxel).[@b33-pgpm-4-001] The study showed a median PFS of 9.2 months in the gefitinib group versus 6.3 months in the chemotherapy group (HR 0.489). The response rate was 62.1% and 32.2% with gefitinib and chemotherapy, respectively (*P* \< 0.0001) ([Table 1](#t1-pgpm-4-001){ref-type="table"}).

The Phase III NEJ002 (North East Japan Gefitinib Study Group) trial compared gefitinib with chemotherapy with carboplatin and paclitaxel as first-line treatment in advanced NSCLC patients selected for EGFR mutation.[@b34-pgpm-4-001] The study was stopped by an independent data and safety monitoring committee after the preplanned interim analysis, because it showed a significant difference in PFS between the two treatment groups (median PFS 10.4 months for gefitinib versus 5.5 months for chemotherapy, HR 0.36). The final analysis confirmed these results, showing a median PFS of 10.8 versus 5.4 months for gefitinib and chemotherapy, respectively (HR 0.30), and a response rate significantly higher in the gefitinib group compared with in the chemotherapy group (73.7% vs 30.7%, *P* \< 0.001). The OS did not differ significantly between the two treatment groups (median survival time 30.5 months for the gefitinib group and 23.6 months for chemotherapy). However, among 112 patients who completed chemotherapy, 106 (94.6%) received second-line gefitinib, and 58.5% of these patients had a response ([Table 1](#t1-pgpm-4-001){ref-type="table"}).[@b34-pgpm-4-001]

Safety and tolerability
=======================

The safety profile of gefitinib was first defined in the Phase II IDEAL 1 and 2 trials.[@b17-pgpm-4-001],[@b18-pgpm-4-001] No unexpected AEs were observed at dosages of 250 mg/day and 500 mg/day, confirming the results obtained in Phase I trials. The most frequent grade 1/2 drug-related AEs were diarrhea and skin reactions. Grade 3/4 drug-related AEs were nausea, vomiting, and liver enzyme elevation. Although the profile of grade 1/2 AEs was similar for both doses, grade 1/2 AEs were more frequently reported with the gefitinib dosage of 500 mg/day. Furthermore, in both IDEAL trials, a higher incidence of grade 3/4 drug-related AEs was reported in patients receiving gefitinib 500 mg/day than in those receiving the lower dose. Dose interruptions were mainly due to skin reactions, gastrointestinal disturbances, and elevated transaminases. Withdrawal due to drug-related AEs was observed in 1.9% of patients receiving gefitinib 250 mg/day and 9.4% of patients receiving 500 mg/day in the IDEAL 1 trial, and in 1% of patients receiving gefitinib 250 mg/day and 4% of those receiving 500 mg/day in the IDEAL 2 trial.[@b17-pgpm-4-001],[@b18-pgpm-4-001]

Because the two doses of gefitinib (250 mg/day and 500 mg/day) showed a similar response rate but toxicity was greater at 500 mg, the lower dose was chosen for further clinical studies.

Data from the large Phase III randomized trials ISEL, INTEREST, and IPASS confirmed the tolerable toxicity profile of gefitinib when administered at the dosage of 250 mg/day ([Tables 2](#t2-pgpm-4-001){ref-type="table"} and [3](#t3-pgpm-4-001){ref-type="table"}).

In the ISEL trial, the most common AEs in the gefitinib group were grade 1/2 rash and diarrhea.[@b6-pgpm-4-001] The overall frequency of grade 3/4 AEs was 30% for gefitinib and 27% for placebo-treated patients ([Table 3](#t3-pgpm-4-001){ref-type="table"}). The frequency of interstitial lung disease was similar in the two treatment groups (1%). Few patients experienced AEs necessitating withdrawal (5% in the gefitinib group and 2% in the placebo group), and few patients died as a result of AEs events (5% in the gefitinib group and 4% in the placebo group).

The majority of AEs associated with gefitinib in the INTEREST trial were mild in nature, and those most commonly reported were grade 1/2 diarrhea and skin reactions.[@b21-pgpm-4-001] Common toxicity grade 3/4 AEs were reported in 9% of patients receiving gefitinib and 41% of patients receiving docetaxel ([Table 3](#t3-pgpm-4-001){ref-type="table"}). AEs leading to drug discontinuation were reported in 4% of patients in the gefitinib group and in 11% of patients in the docetaxel group. AEs leading to death occurred in 1% versus 2%, respectively. Lung interstitial disease was reported in 1% of patients treated with gefitinib and in 1% of patients in the docetaxel arm.

In the IPASS study, gefitinib was associated with a lower rate of grade 3/4 AEs compared with C/P (28.7% vs 61.0%), a lower rate of AEs leading to drug discontinuation (6.9% vs 13.6%), and a lower rate of dose modification due to toxic effects (16.1% vs 35%--37% for C/P).[@b30-pgpm-4-001] AEs leading to death occurred in 3.8% of patients treated with gefitinib and in 2.7% of patients treated with the combination C/P. The most common treatment-related AEs were skin rash, diarrhea, and elevated liver aminotransferase levels in the gefitinib group, and neurotoxic effects, alopecia, and hematologic effects in the C/P arm. Interstitial lung disease occurred in 2.6% of patients treated with gefitinib and in 1.4% of patients receiving chemotherapy.

Data from the WJTOG3405 trial confirmed the good profile of toxicity of gefitinib.[@b33-pgpm-4-001] The most common AEs in the gefitinib group were skin rash, liver dysfunction, dry skin, and diarrhea. AEs of grade 3 or more were infrequent with the exception of liver dysfunction. In the cisplatin plus docetaxel group, the most common AEs, which occurred in more than half of patients, were nausea, myelosuppression, fatigue, and alopecia. Interstitial lung disease was observed in 2.3% of patients in the gefitinib group.

In agreement with the other previously described trials, the NEJ002 study showed that skin rash and elevated levels of aspartate aminotransferase or alanine aminotransferase were the most common AEs in the gefitinib-treated group.[@b34-pgpm-4-001] The incidence of severe toxic effects (grade 3/4) was shown to be significantly higher in the chemotherapy group than in the gefitinib group (71.7% vs 41.2%) ([Table 3](#t3-pgpm-4-001){ref-type="table"}). Interstitial lung disease was reported in 5.3% of patients in the gefitinib group.

Overall, these data demonstrated that gefitinib 250 mg/day has a favorable safety profile with a low incidence of grade 3/4 AEs. The treatment was well tolerated because interruption of the administration of the drug was observed only in a low percentage of patients (\<7%). The only serious AE associated with the gefitinib treatment that has been reported in several studies is interstitial lung disease. However, the incidence of gefitinib-induced interstitial lung disease is higher in Japanese patients (4%--6%) compared with those from other countries such as the US (0.3%), although the reason for this geographic difference is unclear.[@b35-pgpm-4-001] Analysis of Japanese patients with NSCLC treated with gefitinib showed that positive smoking history, male gender, the coincidence of interstitial pneumonia, an older age, and a poor performance status are significantly associated with gefitinib-induced interstitial lung disease.[@b36-pgpm-4-001],[@b37-pgpm-4-001]

Implications for enhanced patient care, quality of life, and patient satisfaction/acceptability
===============================================================================================

Treatment of patients with advanced NSCLC is aimed at obtaining a prolongation in survival and an improvement of disease symptoms without additive side effects. For this reason, assessment of quality of life (QoL) is considered important in clinical trials. QoL was determined in the gefitinib trials with the use of the Functional Assessment of Cancer Therapy-Lung (FACT-L) questionnaire and the Trial Outcome Index (TOI), which is the sum of the physical well-being, functional well-being, and Lung Cancer Subscale (LCS) scores of FACT-L. Symptoms were assessed with the use of the LCS score.[@b38-pgpm-4-001]

The IDEAL 1 and 2 trials first showed an improvement of QoL in patients who received gefitinib.[@b17-pgpm-4-001],[@b18-pgpm-4-001] An improvement in disease-related symptoms was observed both in patients with tumor regression and in those with stable disease. In the group of patients receiving gefitinib 250 mg/day, the rate of disease-related symptom improvement was 40.3% and 43.1% in IDEAL 1 and 2, respectively. The median time to symptom improvement was short, occurring within a few days following the start of the treatment.[@b17-pgpm-4-001],[@b18-pgpm-4-001] Importantly, in the cohort of patients receiving 250 mg of gefitinib in the IDEAL 2 trial, a correlation was found between OS and symptom improvement. In fact, patients with symptom improvement had a median survival time of 13.6 months versus 4.6 months of patients with no improvement. The median survival of patients with symptom improvement without tumor response was 9.7 months.[@b18-pgpm-4-001]

In the INTEREST study, significantly more patients had sustained and clinically relevant improvement in QoL with gefitinib than with docetaxel, as assessed by FACT-L total score (25.1% for gefitinib vs 14.7% for docetaxel) and the FACT-L TOI (17.3% for gefitinib vs 10.3% for docetaxel).[@b21-pgpm-4-001] Improvement in lung cancer symptoms, as assessed on the basis of the LCS scores, was observed both in patients treated with gefitinib (20.4%) and in those treated with docetaxel (16.8%).

An improvement of QoL in patients receiving gefitinib was observed in the IPASS study.[@b30-pgpm-4-001] Significantly more patients in the gefitinib group than in the chemotherapy group had a clinically relevant improvement in QoL, as assessed by scores on the FACT-L questionnaire (48.0% for gefitinib vs 40.8% for chemotherapy) and scores on the TOI (46.4% for gefitinib vs 32.8% for chemotherapy). Rates of reduction in symptoms were similar between patients who received gefitinib (51.5%) and those who received chemotherapy (48.5%), as determined on the basis of LCS scores. As expected, analysis of subgroups revealed that EGFR mutation-positive patients treated with gefitinib showed a greater improvement of symptoms compared with EGFR mutation-negative patients (70.2% vs 14.6%, FACT-L score; 70.2% vs 12.4%, TOI scores; 75.6% vs 20.2%, LCS). Within mutation-positive patients, treatment with gefitinib produced a higher improvement of symptoms compared with chemotherapy (70.2% vs 44.5%, FACT-L score; 70.2% vs 38.3%, TOI scores; 75.6% vs 53.9%, LCS). In contrast, patients with no mutations of the EGFR showed an improvement of symptoms inferior with gefitinib than with chemotherapy (14.6% vs 36.3%, FACT-L score; 12.4% vs 28.8%, TOI scores; 20.2% vs 47.5%, LCS).

Conclusion
==========

The decision of the EMEA to approve the use of gefitinib only for patients with advanced NSCLC who have mutations of the EGFR represents a milestone for the treatment of this disease. As a matter of fact, gefitinib is the first drug that has been approved for NSCLC on the basis of mutational analysis. The approval by EMEA was based on the evidence that treatment with gefitinib produces a significant effect on the course of the disease only in patients who carry activating mutations of the EGFR, as previously described.

Although the correlation between EGFR mutations and activity of gefitinib has been clearly demonstrated in several studies, several points still need to be addressed in order to improve the use of this drug. For example, some studies have suggested that patients carrying deletions of exon 19 have a better prognosis compared with those who have the L858R-point mutation in exon 21 when treated with an EGFR TKI.[@b29-pgpm-4-001] However, this correlation has not been confirmed in two trials in East Asian patients; therefore, it needs to be further explored in both Caucasian and East Asian subgroups.[@b33-pgpm-4-001],[@b34-pgpm-4-001] Furthermore, data on the activity of EGFR TKIs are available for the most common mutations, such as the deletions of exon 19 and the L858R mutations, whereas little information is available on the clinical outcome of patients carrying rarer mutations of exons 18 and 20. Interestingly, activity of gefitinib on the mechanisms involved in the progression of bone metastases in NSCLC patients has also been reported.[@b39-pgpm-4-001]--[@b42-pgpm-4-001] However, it is not clear whether this phenomenon might be related to the presence and type of EGFR mutation.

Some patients harboring activating EGFR mutations that are associated with activity of EGFR TKIs do not respond to gefitinib or erlotinib. In this regard, it will be important to improve the methods of detection of the EGFR mutations. In fact, it has been shown that artifacts might frequently occur when mutations are investigated with direct sequencing of the polymerase chain reaction product and a low amount of tissue/DNA is available.[@b43-pgpm-4-001],[@b44-pgpm-4-001] Therefore, it will be important to assess whether lack of response is due to molecular mechanisms that limit the efficacy of gefitinib or to false positive results of the mutational analysis.

Finally, another important issue that needs to be addressed is the phenomenon of acquired resistance to gefitinib. Although the majority of patients with EGFR mutations respond to this drug and have a prolonged PFS, inevitably, all patients will experience progression of the disease. In this regard, it has been shown that approximately 50% of the patients who progress following initial response to an EGFR TKI do have the T790M mutations, whereas 25% of the patients show amplification of the gene that encodes for the MET receptor.[@b3-pgpm-4-001] In both cases, this event seems to be due to selection of tumor cells that harbor the T790M mutation or that have amplification of MET at the diagnosis.[@b45-pgpm-4-001]--[@b47-pgpm-4-001] Because new agents that are able to block the activation of the T790M mutant EGFR or of MET will soon be available for clinical use, it will be important to develop techniques for the molecular monitoring of NSCLC patients who are treated with gefitinib. As a matter of fact, for most of these patients, at least two lines of therapy with biologic agents will be available in the near future.

In conclusion, the introduction of gefitinib in the therapy of EGFR-mutant NSCLC patients is a major breakthrough for the management of these patients and represents the first step toward personalized treatment for NSCLC patients.
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###### 

Phase III clinical trials of gefitinib versus chemotherapy in non-small-cell lung cancer patients harboring epidermal growth factor receptor (EGFR) mutations

  **Study (reference)**                                              **Treatment**                                         **N**   **Progression-free survival (months)**   **Hazard ratio (95% CI)**   **Overall survival (months)**          
  ------------------------------------------------------------------ ----------------------------------------------------- ------- ---------------------------------------- --------------------------- ------------------------------- ------ ------
  **Subset analyses of subgroups of patients with EGFR mutations**                                                                                                                                                                             
  IPASS[@b31-pgpm-4-001]                                             First-line gefitinib vs carboplatin plus paclitaxel   261     9.5                                      6.3                         0.48                            21.6   21.9
  First-SIGNAL[@b32-pgpm-4-001]                                      First-line gefitinib vs gemcitabine plus cisplatin    42      8.5                                      6.7                         0.61                            30.6   26.5
  **Trials recruiting patients with EGFR mutations**                                                                                                                                                                                           
  WJTOG3405[@b33-pgpm-4-001]                                         First-line gefitinib vs cisplatin plus docetaxel      172     9.2                                      6.3                         0.489                                  
  NEJ002[@b34-pgpm-4-001]                                            First-line gefitinib vs carboplatin plus paclitaxel   224     10.8                                     5.4                         0.30                            30.5   23.6

###### 

Most frequent adverse events observed in non-small-cell lung cancer patients treated with gefitinib

  **Adverse event (all grade)**   **Frequency[^a^](#tfn2-pgpm-4-001){ref-type="table-fn"} (%)**
  ------------------------------- ---------------------------------------------------------------
  Rash                            37--85
  Liver dysfunction               55--70
  Dry skin                        11--54
  Diarrhea                        27--54
  Asthenic conditions/fatigue     10--39
  Paronychia                      3--32
  Stomatitis                      6--22
  Nausea                          17--20
  Constipation                    10--16
  Alopecia                        3--11
  Anorexia                        5--22
  Vomiting                        13--15
  Neutropenia                     5--8
  Interstitial lung disease       1--6

**Notes:**

Data from IPASS, INTEREST, ISEL, NEJ002, and WJTOG3405 studies.[@b6-pgpm-4-001],[@b21-pgpm-4-001],[@b30-pgpm-4-001],[@b33-pgpm-4-001],[@b34-pgpm-4-001] Range of reported frequency.

###### 

Frequency of adverse events occurring in non-small-cell lung cancer patients treated with gefitinib 250 mg/day in randomized Phase III clinical trials

  **Study**                     **Treatment**   **N**   **Grade 1/4 (%)**   **Grade 3/4 (%)**   **Treatment discontinuation (%)**
  ----------------------------- --------------- ------- ------------------- ------------------- -----------------------------------
  ISEL[@b6-pgpm-4-001]          Gefitinib       1126    82                  30                  5
  Placebo                       562             71      27                  2                   
  INTEREST[@b21-pgpm-4-001]     Gefitinib       729     72                  9                   4
  Docetaxel                     715             82      41                  11                  
  IPASS[@b30-pgpm-4-001]        Gefitinib       607                         28.7                6.9
  Carboplatin plus paclitaxel   589                     61                  13.6                
  NEJ002[@b34-pgpm-4-001]       Gefitinib       114     94.7                41.2                
  Carboplatin plus paclitaxel   113             97.3    71.7                                    
